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COLOR SIGNAL PROCESSING APPARATUS
USING A COMMON LOW PASS FILTER FOR
THE LUMINANCE SIGNAL AND THE
COLOR SIGNALS

This application is a division of application Ser. No.
07/993,454 filed Dec. 16, 1992, now U.S. Pat. No. 5,319,
451, which 1s a continuation of application Ser. No. 07/358,
268 filed May 30, 1989, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color signal processing
apparatus suitable for use with a single-plate color camera.

2. Description of Related Background Art

As a signal processing apparatus for a single-plate color
camera, a switch-Y system using a color sensor of a pure
color stripe type or a complementary color stripe type, a
mosaic system using a stripe type color sensor, and the like
have been proposed heretofore. The switch-Y system using
a stripe color sensor in particular is simple in its circuit
arrangement so that it has been widely used. The process
conducted 1n the switch-Y system of a pure color stripe type
1s shown in FIG. 2 in the form of a block diagram.

Red (R), green (G) and blue (B) signals obtained from R,
G and B colors are made to have the same output level
relative to a white color at amplifiers 201 to 203. Thereafter,
they are subjected to A/D conversion within a gamma
correction circuit 204 and then gamma-corrected.

Thereafter, as disclosed in U.S. Pat. No. 4,751,567, the R,
G and B signals are alternately selected to form a broad
bandwidth luminance signal YH at a switch-Y 208. The
bandwidth of signal YH is limited at a low-pass filter 210
and passed to a delay 211 and aperture compensation (APC)
filter or contour emphasizing circuit 212 to obtain a final
signal Y. In the meantime, the color signals are made
narrower at low-pass filters 205 to 207 and inputted to a
processor 209 whereat a narrow band luminance signal YL
1s obtained from the inputted R, G and B signals to output
two color difference signals R-YL and B-YL.

Consider next the above-described technique applied to a
sensor with a color filter mounted on the pixels disposed in
a so-called offset sampling array, as shown in FIG. 3.

In a typical sensor, 640 pixels are disposed on one line in
the horizontal direction, and 480 lines are disposed in the
vertical direction, with the pixels being offset by half a pixel
relative to the pixels on adjacent lines. A stripe structure of
R-G-B 1s formed on a particular line. Therefore, signal
processing for such a sensor can be performed substantially
in the same manner as a conventional general stripe type
sensor shown in FIG. 2, excepting for the following points.

Since the sensor pixels are disposed in an offset sampling
array as shown in FIG. 3, the low-pass filtering of luminance
and color signals 1s required to be performed not one-
dimensionally but two-dimensionally. This requirement will
be described separately for a luminance signal and a color
signal.

The switch-Y system relies upon the concept that the
signal obtained from an R, G or B filter is assumed equiva-
lently as a luminance signal. In such a system, centers (as
indicated by a circle in FIG. 4) of sampling points for
luminance signals Y are disposed in an offset sampling array
with an offset of d/2, where d is a pitch of pixels in the
horizontal direction. To obtain a high resolution by posi-

10

15

20

25

30

35

45

50

55

60

65

2

tively utilizing the advantages of the offset sampling array,
1t becomes necessary to properly interpolate luminance
signals at positions indicated by a cross x in FIG. 4 by using
adjacent pixels. An optimum interpolation value X at a
position indicated by a cross x is principally an average
value of all the two-dimensionally extending signals at
positions indicated by a circle, the average value being
welghted by an obliquely extending sine function.

There are well known simple interpolation methods of
obtaining an approximate interpolation value, such as

X=1/4a+1/4b+1/4%c+1/4d (1)

(2)
(3)

X=12a+1/2
X=a

From a different point of view, the above methods can be
considered as performing a two-dimensional low-pass fil-
tering by calculating a two-dimensional convolution func-
tion by inserting a sampled value into the position indicated
by a circle and a zero value into the position indicated by a
Cross X.

The above interpolation calculation (1), (2) and (3) cor-
respond to the following convolution functions Y1, Y2 and

Y 3.

0 1/4 0 (4)
Yyi=11/4 1 1/4

0 1/4 0

1/2 (5)
Yo = 1

1/2

1 (6)
Y3=1 1

0

The following convolution function Y4, although it leads
to the same resuit of the interpolation value X as that of the
convolution function Y1, has a stronger low-pass filtering
effects because the data at a position indicated by a circle is

also given an average operation with respect to adjacent
data.

1/8 1/4 1/8 (7)
.=t 14 12 14
1/8 14 1/8

In summary, forming a two-dimensional convolution func-
tion by using an apparent luminance signal obtained from an
R, G or B filter for a position indicated by a circle and a zero
value for a position indicated by a cross x, corresponds to
performing a two-dimensional low-pass filtering for a lumi-
nance signal, -

Next, a method of obtaining each color signal will be
described. With the color filter array shown in FIG. 3, the
array of R filters for example becomes as indicated by a
circle in FIG. 5. Therefore, there arises an issue how the R
color signal at a position indicated at a cross x is interpo-
lated. To solve this problem, in the same manner as for the
luminance signal, there is formed a two-dimensional con-
volution function by using sampled data for a position
indicated by a circle and a zero value for a position indicated
by a cross x. Since it is sufficient for a color signal to have
a bandwidth greatly narrower than a luminance signal, it
becomes necessary to low-pass filter a color signal broadly,
and the number of filter stages (dimension of a convolution

function) becomes large. Such a convolution function may
be:
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1/6 173 1/2 1/3 1/6 (8)
Ci=1 13 23 1 23 153
16 1/3 172 13 1/6

The above description is also applicable to the other color
signals B and G. Accordingly, a two-dimensional low-pass
filtering of a color signal is performed using a convolution
function such as C1 by inserting actual data for a position
where data are present, and a zero value for a position where
data are not present.

In order to digitally realize a two-dimensional low-pass
filter of N rows and m columns, a delay for (m-1) pixels and
(N-1) memories are required. For instance, if a two-dimen-
sional low-pass filter Y4 for a luminance signal is to be
realized, two 1H memories are required, as well as six 1H
memories for a color signal, totaling in eight 1H memories
and resulting in a problem of a considerably increased
circuit scale.

'The bandwidth of the low-pass filter 210 for a luminance
signal is generally broader than that of the low-pass filters
205 to 207 for a color signal. In other words, if a low-pass
filter is constructed of a finite response (FIR) type digital
filter, the number Ny of taps of a luminance signal low-pass
filter becomes smaller than the number Nc of taps of a color
signal low-pass filter. Therefore, it becomes necessary to
provide a delay circuit corresponding to the difference
(Nc-Ny) between taps after the luminance low-pass filter to
synchronize the luminance and color signals. Further, the
luminance and color signal low-pass filters are generally
constructed separately so that delay circuits totaling in
number (Ny-1)+(Nc-1)X3+(Nc-Ny) are required, resultin
in a large circuit scale. -

Consider also that there are separately formed the lumi-
nance low-pass filter 210, aperture compensation filter 212
and color low-pass filters 205 to 207. Delay circuits total in
number (N1-1)+(N3-1)+3%x(N2-1), resulting in a large cir-
cuit scale, where N1 represents the number of taps of the
luminance low-pass filter, N2 represents the number of taps
of each of the color low-pass filters, and N3 represents the
number of taps of the aperture compensation filter.

The problems associated with the filters have been
described with respect to the horizontal direction. Similar
problems arise also in the vertical direction in a two-
dimensional filter. In the latter case, not only the delay
circuits but also the 1H memories should be provided, thus
leading to a considerable increase in apparatus cost.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a color
signal processing apparatus of a simple structure capable of
solving the above-described problems. It is an object of the
invention to provide in particular a filter with a simplified
delay circuit arrangement.

For the embodiments of the present invention, the fol-
lowing concept has been used. The luminance two-dimen-
sional low-pass filter and the three color two-dimensional
low-pass filters can be divided into one-dimensional low-
pass filters or convolution functions, in the vertical and
horizontal directions, respectively. If the low-pass filters in
the vertical direction are the same, the same low-pass
filtering in the vertical direction is shared and performed
only once. The one-dimensional low-pass filtering in the
horizontal direction is performed after the low-pass filtering
in the vertical direction.

It 1s obvious that such sharing is allowed only for a
specific color filter array on the sensor. Such sharing is
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4

allowed for the filter array shown in FIG. 3 because the same
color filters are disposed at the same phase for every second
line, but such sharing is not allowed for the filter array
shown in FIG. 6.

For instance, the luminance low-pass filter or convolution
function Y4 can be divided into the following vertical
low-pass filter V and horizontal low-pass filter Hy:

(9)

1/8 1/4 1/8 1/2
1/4 172 1/4 | = 1 *11/4 1/2 1/4]
1/8 1/4 1/8 1/2
where
172
V= 1 H,=[1/4 1/2 1/4]
1/2

where * represents convolution. The color low-pass filter or
convolution function C1 can be also divided into convolu-
tion V and Hc:

16 1/3 172 1/3 1/6 1/2
13 23 1 273 173 |=1 1 |*{1/32/312/31/3]
1/6 1/3 172 13 1/6 1/2

where Hc=[1/3 2/3 1 2/3 1/3]. For each of all the two-
dimensional low-pass filtering, first a vertical low-pass
filtering V shaped in common is performed once, and
thereafter, a horizontal low-pass filtering Hy is performed
for a luminance signal, and Hc for color signals, thus
considerably reducing the number of necessary 1H memo-
ries to only two.

In other embodiments of this invention, the delay circuits
and taps of the digital low-pass filter for signals having a
broad bandwidth in the horizontal or, vertical direction or in
the time domain are shared with a part of the delay circuits
and taps of the digital low-pass filter for signals having a
narrow bandwidth in the horizontal or, vertical direction or
in the time domain.

With such an arrangement, since a luminance signal and
a color signal are essentially multiplied upon a single signal,
the delay circuits and taps for the low-pass filters for the
luminance and three color signals can be shared. Further, by
virtue of such sharing, the taps of the luminance low-pass
filter can be shared with a part of the taps of the color
low-pass filters, thus dispensing with delay circuits for
synchromizing both the signals. Therefore, the number of
delay circuits can be considerably reduced to only Nc.

Further, still other embodiments of the present invention
have been realized paying attention to the following two
points.

1) Since the luminance and color signals are essentially
multiplied on a single signal, the delay circuits and taps for
the luminance and color low-pass filters can be shared.

2) Further, the delay circuits and taps for the luminance
low-pass filter and aperture compensation filter can also be
shared. |

Paying attention to the above two points, in the embodi-
ment digital filters, the delay circuits and taps of a low-pass
filter in the horizontal and/or vertical direction are shared
with those of a high frequency emphasizing filter, thus
allowing a considerable reduction of the number of neces-
sary delay circuits.

The other objects and advantages of the present invention
will become apparent from the following detailed descrip-
tion when read in conjunction with the accompanying draw-
ings.
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S
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an embodiment of a
color signal processing apparatus according to the present
invention;

FIG. 2 is a block diagram showing a conventional color
signal processing apparatus of an RGB stripe filter type;

FIG. 3 is a diagram used for explaining the color sensor
having an offset sampling array;

FIGS. 4 and § are diagrams used for explaining the

luminance and color low-pass filtering according to the
present invention;

FIG. 6 is a diagram showing an example of a color filter
array to which the present invention is not applicable;

FIG. 7 is a block diagram showing the structure of a
vertical low-pass filter according to the present invention;

FIG. 8 1s a block diagram showing the structure of a
luminance low-pass filter;

F1G. 9 1s a block diagram showing another example of the
structure of a vertical low-pass filter;

FIG. 10 is a block diagram showing another example of

the structure of a color low-pass filter;

FIG. 11 is a block diagram illustrating how a memory is
read;

FIG. 12 is a block diagram showing the structure of a
vertical low-pass filter for interlacing;

F1G. 13 1s a block diagram showing a second embodiment
of a stripe filter type single-plate color camera according to
the present invention;

FIGS. 144a)-14¢) are timing charts for signals shown in
FIG. 13;

F1G. 18 1s a block diagram showing a third embodiment
of a mosaic type single-plate color camera according to the
present invention;

FIG. 16 shows the structure of a mosaic type single-plate
color camera;

FIG. 17 is a diagram used for explainirig a color sensor
having an offset sampling array according to a fourth
embodiment of this invention;

FIG. 18 is a block diagram illustrating a circuit arrange-
ment for the vertical direction according to the present
invention;

FIG. 19 is a block diagram showing a fifth embodiment of
a stripe filter type single-plate color camera according to the
present invention;

FIGS. 20a)-20e) are timing charts illustrating signals
shown in FIG. 19;

FI1G. 21 is a block diagram showing a sixth embodiment
where the invention is practiced using a two-dimensional
filter;

FI1G. 22 1s a diagram illustrating a color sensor of an offset
sampling array;

FIG. 23 is a view used for illustrating the offset sampling
array; and

FIGS. 24 and 25 are block diagrams respectively showing
seventh and eighth embodiments where the invention is
applied to a sensor having an offset sampling array.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows an embodiment of the present invention.
The embodiment outputs a non-interlaced signal to be used
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6

for a non-interlace television, printer and the like. Signals
from a sensor 10 having 640x480 pixels as shown in FIG.
3 are A/D converted at A/D converter 11 and temporarily
stored 11 a memory 12. The signals may be read in an
interlace, non-interlace, zigzag, or other various manners. It
1S assumed that the signals are stored in the memory 12 in
the format matching the sensor structure. However, in stor-
ing signals in the memory, an offset by half a pixel is not
considered. Next, data in the memory 12 are sequentially
read for each line in a non-interlace manner at each 1H
(about 63 microseconds), and inputted to a zero inserter 13.
The zero inserter 13 alternately selects and outputs a zero
signal and the data inputted thereto at a clock CLK1 having
a period half that of a clock CLKO at which a pixel is read.

At adjacent lines, the zero signal and the data are reversed
in their phase. The clock CLK0 is about 12 MHz.

The alternate 0 and data outputted from the zero inserter
13 at CLK1 form interpolated 1280 signals per one line.
Next, the signals are inputted to a vertical low-pass filter 14
and subjected to a vertical low-pass filtering common for
both the luminance and color signals. Of course, low-pass
filter 14 may be a horizontal low-pass filter, in which case

the low-pass filters 15, 20, 21, and 22 would be vertical
low-pass filters. FIG. 7 shows the structure of the vertical
low-pass filter V which is given by:

172
V=] 1
1/2
1H memories each are constructed of a shift register of

1280 stages, the outputs from three taps are weighted by (1/2
1 1/2) and added together at an adder 33. A constant

multiplier 32, 34 performs a simple one bit shift to the right.

(N-1) 1H memories are required where N is the number
of stages of the vertical low-pass filter. The output after the
common low-pass filtering is supplied to an Y horizontal
low-pass filter 15 and three switches 17, 18 and 19. The Y
honzontal low-pass filter 15 has the structure as shown in
FIG. 8 which illustrates the above-described (1/4 1/2 1/4) by
way of example. The outputs from three taps divided by
delay circuits 35 and 36 having a delay time corresponding
to one clock CLK1 are weighted by 1/4 constant multipliers
37 and 39 and by a 1/2 constant multiplier 38, and added
together at an adder 40.

The color signals are obtained as in the following. As seen
from FIG. 3, the signals once subjected to the vertical
low-pass filtering are disposed in the order of R, G and B at
clock CLK1 in the vertical direction. The switches 17, 18
and 19 sequentially select and output a signal from the
vertical low-pass filter and the two zero signals, in synchro
with clock CLK1. The three R, G and B switches 17, 18 and
19 are shifted in their phase by a time corresponding to one
clock CLK1. Three color horizontal low-pass filters 20, 21
and 22 perform a horizontal low-pass filtering such as the
above-described (1/3 2/3 1 2/3 1/3). Similar to the case of a
luminance signal, the three color horizontal low-pass filters
can be realized by four delay circuits having a delay time
corresponding to one clock CLK1, two 1/3 and 2/3 constant
multipliers, and one adder. A constant 1/3 may be difficult to
be realized in some cases so that such as (1/4 3/4 1 3/4 1/4)
having a power of 2 denominator may be used. The RGB
signals subjected to the low-pass filtering are inputted to a
process circuit 23 whereat they are converted into two color
difference signals B-Y1 and R-Y1. Since the color low-pass
filter has generally a larger number of stages than the
luminance low-pass filter, a delay circuit 16 is used to delay
the Y signal to make the phases coincide with each other.
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FIG. 9 shows another embodiment wherein the zero
inserter 13 and vertical low-pass filter 14 shown in FIG. 1
are realized 1n a different way. Data read from the memory
12 are inputted to a 1H memory 50 constructed of a shift
register of 640 stages and a switch 52. Data are shifted fro
1H memories 50 and 51 in synchro with clock CLKO the
same as used when reading the memory 14. Switches 52, 53
and 54 alternately select and output a zero signal and the
data at a clock frequency CLK1 having a period half that of

CLKO. Since data are offset for each line, the order in
selecting a zero signal and the data by the odd number
switches 52 and 54 and the even number switch 53 is
reversed. The outputs from taps are weighted properly by
constant multipliers 55, 56 and 57 and added together at an
adder 38. With this method, the number of stages of the 1H
memory shift register is halved as compared with the first
embodiment, thus further reducing a circuit scale.

FIG. 10 shows another embodiment for the three switches
17, 18 and 19 and color low-pass filters 20, 21 and 22 shown
in FIG. 1. As described previously, the outputs from the
vertical low-pass filter are disposed repetitively in the order
of R, G and B data. The outputs are supplied to an input
terminal TO shown in FIG. 10. There are disposed delay
circuits 60, 61, 62 and 63 for one clock delay and constant
multipliers 64, 635, 66, 67 and 68 whose multiplication
factors are 1/3, 2/3, 1, 2/3, and 1/3, respectively.

The operation of the color horizontal low-pass filter
He=(1/3 2/3 1 2/3 1/3) described with the method as in FIG.
1 will be considered.

An input to a color (e.g., R) low-pass filter 20 is an output
from the switch 17 shown in FIG. 1, which output is Ri, 0,
0, Ri+1, 0, 0, Ri+2, 0, 0, and so on. Data is present once per
three signals, and a zero signal twice per three signals.
Therefore, an output from the low-pass filter 20 becomes a
repetition of [Ri, 2/3 Ri+1/3 Ri+1, 1/3 Ri+2/3 Ri+1] where
1 1S an integer.

Assuming that a first Ri is inputted to the input terminal
T0 shown in FIG. 10 at time t0. Bi-1, Gi-1, Ri-1 and Bi-2 are
outputted at taps T1, T2, T3 and T4, respectively. Therefore,
outputted are 1/3 Ri+2/3 Ri-1 at S2, 1/3 Bi-2+2/3 Bi-1 at S1,
and Gi-1 at S3. At time tl one clock after t0, an output at TQ
‘becomes Gi so that 1/3 Gi+2/3 Gi-1 is outputted at S2, and
1/3 Ri-1+2/3 Ri1 at S1. At the next time t2, an output at T0
becomes Bi so that 1/3 Bi+2/3 Bi-1 is outputted at S2, 2/3
Gi+1/3 Gi-1 at S1, and Ri at S3.

Consequently, if a switch 71 is operated so as to select a
color (e.g., R) signal such that a signal at S2 is outputted at
time t0, S1 at time t1, S3 at time t2 and so on, then the
outputted signal 1s in the order of 1/3 Ri+2/3 Ri-1, 1/3
Ri-1+2/3 R1, and Ri. This corresponds to the operation of the
color (R) low-pass filter shown in FIG. 1. The same is true
for the other colors.

Although the first embodiment requires three digital filters
each constructed of five taps, five constant multipliers and
one adder, this embodiment effectively performs a low-pass
filtering by using a single digital filter constructed of five
taps, five constant multipliers and three adders. Even if a
larger number of taps are required, the output from a
(3i+1)-th tap is supplied to the first adder, the output from a
(31+2)-th tap to the second adder, and the output from a
(31)-th tap to the third adder. Such an arrangement is also
applicable to an ordinary one-dimensional stripe filter struc-
ture because the signals are disposed in the ordero f R, G
and B.

FIG. 12 shows another embodiment where an interlace
signal is used. It is assumed that the information from the
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sensor 1s stored in a zigzag form In a memory as shown in
FI1G. 11. The structure of the ory is preferably 1280x

240 instead of 640x480. Data of 1280 signals for one line
read out 1n a zigzag form at clock CLK1 are inputted to a

switch 80. The period of CLK1 is about 24 MHz. The switch
80 switches the data between F1 and F2 in synchro with
CLK1. Shift registers each of 640 stages are connected to F1
and F2 which registers operate in synchro with CLKO.
CLKO has a two-fold period of CLK1, i.e. about 12 MHz.
Consider now an input to the shift register 81 is R13, then
an output therefrom 1s R11 and that from the shift register 82
1s G12. At this time, switches 83, 84, 85 and 86 which output
alternately a data and a zero signal are set as shown in FIG.
12. Reference numerals 88, 89, 91 and 93 represent a 1/2
constant multiplier, and reference numerals 87 and 92 indi-
cating a constant multiplier may not be a 1 constant multi-
plier. The output F1 from an adder 94 is R13, and the output
F2 from an adder 90 is 1/2 R11+1/2 R13.

At the next clock CLK1, the states of the switches 83, 84,
85 and 86 are changed, with the output from the shift register
maintained as it 18. Therefore, 1/2 G12+1/2 G14 is outputted
at F1, and G12 is outputted at F2. By changing the state of
a switch 95 between F1 and F2 for each 1V (one field), the

above-described common vertical low-pass filtering V can
be performed in an interlaced manner. The remaining circuit
portion i1s constructed the same as that of FIG. 1. If data are
arranged to be supplied in real time directly from a sensor
without using the memory, the real time interiaced scan can
be performed in the similar manner as described above.

An example of the combination of a luminance low-pass
filter and color low-pass filters has been described using the
filters Y4 and C1. However, any other combination can be
used in principle on condition that the combination can be
divided into a vertical low-pass filter and horizontal low-
pass filter, and that the divided vertical low pass-filter can be
shared with a part of the divided horizontal low-pass filter.
For instance, the following combination of luminance and
color filters may be used:

1
[ 1 ] *[1/4 172 1!4]=[
0

| 173
1 1 *[1/32/312/313)1=1 1/3
0 0

In order to have a constant average luminance, it is prefer-
able to set the sum of components at a vertical low-pass filter
at 2, and the sum of components of a horizontal low-pass
filter at 1 for a luminance signal and 3 for a color signal.

Although a digital processing has been described in the
foregoing, if a digital delay circuit is changed to a 1H delay
line, it 15 obvious that the present invention can be effective
also for analog processing.

Further, an RGB signal has been described by way of
example in the foregoing. However, even for the case of a
complementary stripe using Cy, Ye and G, after calculations
of R=Ye-G, B=Cy-G, and G=G, the succeeding processing
is the same, thus allowing effective application of this
invention.

According to the above-described embodiments of this
invention, a part of the vertical low-pass filter for the
luminance low-pass filter and color low-pass filter is shared
in use so that the number of 1H memories and hence the
circuit scale can be reduced considerably. Further, the out-
puts of three color low-pass filters are collected at every
fourth tap so that they can be realized with a single low-pass
filter, thus reducing a circuit scale.

1/4 1/2 1/4

1/4 1/2 1/4

for luminance,
0 0 0

3

3

213 12/3 13
213 12/3 1/3 | for color.
O 00 O
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Next, a second embodiment shown in FIG. 13 of the
luminance and color low-pass filters according to the present
invention will be described. Consider a sensor with a stripe
filter array as shown in FIG. 2. R, G and B input signals
provided to a switch 110 have their phase shifted by one

clock from each other as shown in FIGS. 14(a) , (b) and (¢),
and have a duty ratio of 1/3. The clock here used is the same

clock for reading a pixel from the sensor. The switch 110
selects R, G and B signals in synchro with the clock for
outputting a luminance signal as shown in FIG. 14(e) . An
output signal from the switch 110 1s inputted to a low-pass
filter constructed of four delay circuits 111, 112, 113 and
114. The constants of constant multipliers 115, 116 and 117
are 1/4, 1/2 and 1/4, respectively, and the constants of
constant multipliers 119, 120, 121, 122 and 123 are 1/4, 3/4,
1, 3/4 and 1/4, respectively.

Assuming that an output from the switch 110 is g2 for
example at time tl, the outputs of the delay circuits 111, 112,

113 and 114 are b2, r1, gl and bl. Therefore, an output of
an adder 118 becomes 1/4 b2+1/2 r1+1/4 gl. An output of
an adder 124 becomes 1/4 g243/4 ¢1, an output of an adder
125 becomes 1/4 b2+3/4 bl, and an output of the constant
multiplier 121 becomes rl.

At the next clock, an output of the switch 110 becomes r2
so that 1/4 g2+1/2 b2+1/4 ri is outputted from the adder 118,
1/4 r2 +3/4 11 from the adder 124, 3/4 g2+1/4 g1 from the
adder 125, and b2 from the constant multiplier 121.

Upon repetition of the similar operations, low-pass fil-
tered R, G and B signals are alternately outputted from the
adders 124 and 123 and constant multiplier 121. The low-
pass filtered R, G and B signals are separately obtained upon
selection at a switch 126 in synchro with the clock. Such
outputs have been obtained heretofore through a filtering
process with three low-pass filters of, e.g., Hc=[1/4 3/4 13/4
1/4}. However, this embodiment obtains such outputs with
only four delay circuits.

Also, the same Iluminance signal obtained heretofore
through a filtering process with a low pass filter of, e.g.,
Hy={1/4 1/2 1/4] can be obtained as having no time delay
relative to the color signal. Therefore, a delay circuit for
synchronizing the luminance signal with the color signal can
be dispensed with.

In the above embodiment, the number of taps of the color
low-pass filter 1s five. Even if a larger number of taps are
used, the three color low-pass filters can be shared by
collectively adding the outputs at every fourth tap.

Further, since the luminance low-pass filter is shared with
a part of the color low-pass filter, luminance and color
signals with the same phase can be obtained. Assuming that
the number of taps of the luminance low-pass filter is 21c+1,
and that of the color low-pass filter is 21y+1, the (1c+1)-th
tap of the color low-pass filter 1s commonly used with the
(ly+1)-th tap of the luminance low-pass filter. Similarly,
assumang that the number of taps of the color low-pass filter
is 21c, and that of the luminance low-pass filter is 21y, the
1c-th tap of the color lowpass filter is commonly used with
the 1y-th tap of the luminance low-pass filter.

In the above embodiment, R, G and B signals are sepa-
rately read from the sensor. However, if R, G and B signals
are read as a single senal signal in the order of R, G and B,
the switch 110 is not needed resulting in a more simple
circuit arrangement.

A third embodiment of this invention uses a sensor having
a mosaic type color filter array. FIG. 15 is a block diagram
of a signal processing circuit of the sensor with a mosaic
type color filter array.

FIG. 16 shows a block diagram of a horizontal low-pass
filter shown in FIG. 15 which will be later described.
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Referring to FI1G. 15, with the color filter array of a sensor
30 1, during the reading of a first field, the (2i-1)-th line and
2i-th line are added, e.g., within the CCD) and read out, and
during the reading of a second field, the 2i-th line and
(2i+1)-th line are added and read out. Therefore, for both the
fields, (Ye+Mg) and (Cy+G) signals are alternately read at
an odd number line at each clock, whereas at an even
number iine (Ye+G) and (Cy+Mg) signals are alternately
read. The signals are A/D converted at an A/D converter 302
and gamma-converted at a gamma converter 303.

A luminance signal is subjected to a low-pass filtering at
a low-pass fiiter constructed of delay circuits 304 and 305,
constant multipliers 306, 307 and 308, and an adder 309.
Therefore, the luminance signal becomes about (Mg+Cy+
Ye+G)/4at odd and even lines in the first and second fields.

Adjacent signals are subtracted from each other for
obtaining a color difference signal, which is realized with a
delay circuit 311, (—1) constant multiplier 312 and (+1)
constant muitiplier 313 and adder 314. (Ye+Mg)—(Cy+G)=
R-G signal at an odd line and (Ye+G)—(Cy+Mg)=G-2B
signal at an even line are alternately inverted and outputted
from the adder 314. This signal is inputted to a 4-tap
low-pass filter constructed of delay circuits 319, 320 and
321, constant multipliers 315, 316, 317 and 318, and an
adder 322. If a filtering of, e.g., Hc=(1/4 1/4 1/4 1/4) is to be
performed, the constant multipliers 315 and 318 are set at
—1/4, and the constant multipliers 316 and 317 are set at 1/4.
The reason for this is that the output from the adder 314 is
inverted at each clock. Since the center of the signal is
shifted by half the pixel due to the subtraction operation, it
1s desirable that the number of taps of the color low-pass
filter be set at an even number because the shift is compen-
sated, on condition that the number of taps of the luminance
low-pass filter 1s an odd number. If the number of taps of the
luminance low-pass filter is an even number, it is desirable
that the number of taps of the color low-pass filter be set at
an odd number. The luminance signal is delayed by about
two clocks at a delay circuit 310 to make it synchronous with
the color signal. The color signal changes its sign at each
pixel and at each line so that the sign is adjusted at a sign
inverter 3. Specifically, the positive sign is given for an
odd number signal at an odd number line and for an even
number signal at an even number line, and the negative sign

18 given to the other signals.

The above operation is carried out at a horizontal low-
pass filter unit 330.

Since a color difference signal is a line sequential signal,
an interpolation signal at 1H delay circuits 324 and 325 and
an output from the 1H delay circuit 324 are alternately
selected at a switch 329 to obtain synchronized color dif-
ference signals R-G and G-2B. A 1H delay circuit 323 is
used for phase alignment of a luminance signal in the
vertical direction.

The horizontal low-pass filter unit 330 shown in FIG. 15
is constructed as shown in FIG. 16 in accordance with the
present invention. First, a luminance signal is subjected to a
low-pass filtering at a low-pass filter constructed of delay
circuits 332 and 333, constant multipliers 335, 336 and 337,
and an adder 344. As apparent from the operation described
with FIG. 13, a color signal is subjected to two convolutions
Hcl=(-1 1) and Hc2=(-1/4 1/4 —1/4 1/4) corresponding to
one filtering process of Hcl Hc2=(—1/4 1/2 —1/2 1/2 1/4).

The constant multipliers 338 and 342 are set at —1/4, the
constant multipliers 339 and 341 at 1/2, and the constant
multiplier 340 at —1/2. The output from the adder 343 is the
same as that obtained in FIG. 15 with the polarity of the
coeflictent being changed from + to — alternately. The above
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description applies to an even number of taps. An odd
number is also applicable in the same manner as described
with the second embodiment. The operation of a sign
inverter 345 is the same as that of the sign inverter 300
shown in FIG. 15.

Next, a fourth embodiment will be described wherein the
invention is applied to a color sensor having an offset
sampling array as shown in FIG. 17.

With the array shown in FIG. 17, information at the
intermediate point between pixels - indicated at (a) is inter-
polated by using upper and lower pixels. Since the same
color filter is disposed at every second line in the vertical
direction, R, G and B signals in this order recited are
disposed at each line in the horizontal direction after inter-
polation. At this stage, the processing described with the first
embodiment is performed. Similar conditions are used for
the vertical direction. For instance, the luminance data at the
point (a) are interpolated using one upper pixel and one
lower pixel, whereas the color data at the point (a) for B are
interpolated using two upper pixels and two lower pixels.
Then, the luminance vertical low-pass filter in the vertical
direction uses, for example,

1/2
V=] 1
1/2

and the color vertical low-pass filter in the vertical direction
uses, for example,

1/8
3/8
Ve=] 1
3/8
1/8

Such a low-pass filter in the vertical direction has conven-
tionally uses two 1H memories for a luminance signal, four
1H memory for a color signal, and in addition two 1H
memories at the Juminance signal side for phase alignment
between the luminance signal and color signal in the vertical
direction. FIG. 18 is a block diagram showing the circuit
arrangement wherein the 1H memory and taps of the lumi-
nance vertical low-pass filter is shared with a part of the 1H
memory and taps of the color vertical low-pass filter. It is
sufiicient for this arrangement only to replace the delay

circuit for one pixel in the above-described two embodi-
ments with a 1H memory. However, a color low-pass filter
uses the same arrangement as shown in FIG. 2.

A further consideration of the above concept leads to an
applicability of this concept also to a low-pass filtering in the
time axis direction by changing the delay circuit in the above
embodiment into a 1V field memory or frame memory.

According to the second to fourth embodiments of this
invention, the delay circuits and taps of a Juminance low-
pass filter are shared with a part of the delay circuits and taps
of a color low-pass filter in the horizontal or vertical
direction, thus resulting in a considerable reduction of
circuit scale. The present invention is applicable to both the
stripe filter and mosaic filter, and to a single-plate type
sensor with a so-called offset sampling array.

In the above description, a luminance signal of a single-
plate color camera has been used as a wideband signal in the
horizontal and vertical direction, and an associated color
signal as a narrow band signal. However, any other lumi-
nance and color signals such as for a digital television or
digital VIRs may also be used on condition that they are
related to each other in the manner described previously.

FIG. 19 shows a fifth embodiment of luminance and color
low-pass filters of this invention, and FIGS. 20a)-20¢) show
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waveforms of main signals in FIG. 19. Consider now a stripe
sensor as shown in FIG. 2, R, G and B inputs signals to a
switch 410 which are shifted in their phase by one clock
from each other as shown in FIGS. 20(a), (b) and (¢), one
signal being present per three clocks and a zero signal being
outputted at the other period. The clock herein used is the
same clock for reading the pixel. The switch 410 alternately
selects R, G and B signals in synchro with the clock for
output of a luminance signal as shown in FIG. 20(e). The
luminance signal is subjected to a common filter constructed
of four delay circuits 411, 412, 413 and 414.

Constant multipliers 415, 416, 417, 418 and 419 respec-
tively setat 0, 1/4, 1/2, 1/4 and 0 and an adder 420 constitute
a low-pass filter. Constant multipliers 421, 422, 423, 424 and
4235 respectively set at —1/4, —-1/4, 1, —1/4, and —1/4 and an
adder 426 constitute a luminance wideband band-pass filter
which may obviously be a high-pass filter. A high frequency
component of a luminance signal outputted from the adder
426 1s multiplied at a variable constant multiplier 427 and
added to a low-pass filtered luminance signal at an adder 428
to obtain a final luminance signal. The variable of the
variable constant multiplier 427 is externally controllable
with an operation switch or the like to adjust the degree of
high frequency emphasis.

Next, a color low-pass filter will be described. Constant
multipliers 429, 430, 431, 432 and 433 are set at 1/4, 3/4, 1,
3/4 and 1/4, respectively. An output of the switch 410 is
assumed to be g2 for example at a time tl. The outputs of the
delay circuits 411, 412, 413 and 414 become b2, rl, g and
bl. Therefore, the output of an adder 434 becomes 1/4
g2+3/4 g1, the output of an adder 435 1/4 b2+3/4 b, and the
output of a constant multiplier 431 r1. When the output of
the switch 410 becomes r2 at the next clock, the adder 434
outputs 1/4 r2+3/4 r1, the adder 435 3/4 g2+1/4 g1, and the
constant muitiplier 431 b2.

Upon repetition of the similar operation, R, G and B
low-pass filtered signals are alternately outputted at the
adders 434 and 435 and constant multiplier 431. Therefore,
R, G and B low-pass filtered signals can be separately
outputted upon selection at a switch 436 at each clock.

The same outputs obtained through separate filtering of R,
G and B by using three low-pass filters He=[1/4 3/4 1 3/4
1/4] can be obtained with the above circuit arrangement.

As described so far, according to the fifth embodiment of
this invention, the luminance low-pass filter, aperture com-
pensation band-pass or high-pass filter, and color low-pass
filter all share the delay circuits and taps, thus reducing the
number of necessary delay circuits greatly.

In the above description, the constant multipliers 415 and
419 have been set at 0. However, another constant such as
a negative constant may be set to obtain a desired charac-
teristics of the luminance low-pass filter. Further, although
five taps have been used for the color low-pass filter, a larger
number of taps may be used such that the outputs at every
fourth tap are collectively added at an adder to thus realize
a shared use for the three color low-pass filters.

R, G and B signals have been described as being outputted
independently from the sensor. However, the invention is
also applicable to the case where R, G and B signals can be
read directly from the sensor as a serial single signal of R,
G and B in this order without necessiating the switch 410.

The above concept can be developed not only for one-
dimension in the horizontal direction but also for two-
dimensions, in the horizontal and vertical directions. In such
a case, an output of the switch 410 shown in FIG. 19 is
inputted to a common two-dimensional filter shown in FIG.

21. In FIG. 21, reference numerals 801 to 804, 806 to 809
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and 811 to 814 represent a delay circuit for one pixel, and
reference numerals 805 and 810 represent a 1H memory
constructed of a shift register of (pixel number in the

horizontal direction —4) stages. Specifically, an input to the

delay circuit 811 is delayed by 2H from the input to the delay
circuit 801 and by 1H from the input to the delay circuit 806.
Constant muitipliers 811 to 815, 816 to 820 and 821 to 825
respectively set at, e.g., (0, —1/8, —-1/4, —1/8, 0), (-1/8, —1/4,
7/4,-1/4,-1/8) and (0, -1/8, —1/4, —1/8, Q) and an adder 826
constitute a two-dimensional high-pass filter which is given

by:
0 -1/8 —-1/4 -1/8 0
~1/8 —-1/4 714 -1/4 -1/8

0 -1/8 -1/4 -1/8 0

Constant multipliers 827 to 831, 832 to 836 and 837 1o 841
respectively set at, e.g., (1/32, 1/32, 1/8, 1/32, 32), (1/16,
1/16, 1/4, 1/16, 1/16) and (1/32, 1/32, 1/8, 1/32, 1/32) and an
adder 842 constitute a color two-dimensional low-pass filter
which 1s given by:

1/16 1/16 1/4 1/16 1/16

1/32 1/32 1/8 1/32 1/32
1/32 1/32 1/8 1/32 1/32

The output of the adder 826 is multiplied by a certain
constant set externally by a variable constant multiplier 843
and added to the output of the adder 842 at an adder 844.
Three sets of constant multipliers 845 to 849, 850 to 854 and
855 to 839 are set at (1/16, 3/16, 1/4, 3/16, 1/16), (1/8, 3/8,
1/2, 3/8, 1/8) and (1/16, 3/16, 1/4, 3/16, 1/16), respectively.
In each set of the constant multipliers, in the same manner
as of the fifth embodiment, the outputs at every fourth tap are
- collectively added at an adder. For instance, the outputs of
the constant multipliers 845 and 848 and the outputs of the
constant multipliers 850, 853, 855 and 858 are collectively
added at an adder 860. Thus, the following color low-pass
filter can be realized:

1/8 3/8 1/2 3/8 1/8

1/16 3/16 1/4 3/16 1/16
1716 3/16 1/4 3/16 1/16

The operation of a switch 872 is the same as of the switch
436 shown in FIG. 19. In this case, both the one pixel delay
and 1H memory are shared by three filters, thus reducing the
circuit scale greatly. Further, it is obvious that the one pixel
delay m FIG. 19 may be replaced with a 1H memory, a
common filtering is first performed in the vertical direction,
and then a filtering in the horizontal direction is performed
independently for the luminance and color signals.

Next, a seventh embodiment shown in FIG. 22 will be
described wherein the present invention is applied to a
sensor having an offset sampling array. 642 pixels in the
horizontal direction and 480 pixels in the vertical direction
are disposed shifted by half a pixel at every second line. The
color filter array is as shown in FIG. 22. Since the same color
filters are disposed in the vertical direction, information at an
intermediate point between adjacent pixels is indicated at (a)
in FIG. 22, and some pixels at upper and lower lines are used
for interpolation. After interpolation, R, G and B signals
corresponding to 1284 pixels in the order recited are dis-
posed at a line. Therefore, the following processing is the
same as 1in the first embodiment. Interpolation is a kind of a
low-pass filtering. Assuming that the position indicated at a
circle in FIG. 23 is the place where information is present,
and the place indicated by a cross x is the place to be inserted
with a zero signal. Then, a low-pass filtering is performed in
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the vertical direction. For instance, a luminance signal is
subjected to a low-pass filtering such as:

1/2 ,
yu=| 1t |, m:[l]

1/2
If YL1 1s used, A becomes (B+C), and B and C are as they
are. A color signal 1s subjected to a low-pass filtering such

as.
Cry = [ ] Cia=

If an odd number tap is used as in the case of YL1 for a
luminance signal, an odd number tap is used as in the case
of CL1 for a color signal. Conversely, if an even number tap
1s used for a luminance signal, an even tap number is used
for a color signal, in order to eliminate a phase difference
between the luminance and color signals in the vertical
direction. In addition, if an even number tap is used, the
entire phase 1s shifted by 0.5 vertical line which poses no
problem if the phase between the luminance and color
signals 1s the same.

Also for the sensor of this type, a vertical aperture
correction filter can share the 1H memory and taps of the
vertical luminance and color low-pass filters, in the same
manner as 1n the previously described embodiments. FIG. 24
is a block diagram of the circuit arrangement wherein the

present invention is applied to the sensor shown in FIG. 22.
Signals read from the sensor as indicated at S1 in FIG. 22 are

A/D converted and supplied to a switch 490 which operates
in synchro with clock CLKO for reading the sensor. The
switch 490 sends Al line signals to a 642-stage shift register
493, and Bi line signals to a 642-stage shift register 491. The
transier clock for the shift registers is CLLK1 whose period
is half the CLKO0. A switch 494 is of (2x4) structure which

operates in synchro with each one field.

Assuming that the output of the shift register 492 is Bl
line signals, the input and output of the shift register 491 are
B3 and B1, and the input and output of the shift register 493
are A3 and A2. Therefore, assuming that the switch 494 is
set on the upper side relative to the first field, outputted to
the four terminals P1, P2, P3 and P4 of the switch 494 are

B3, A3, B2 and A2 line data. Since the switch 494 is set on
the lower side at the second field, outputted to the terminais

P1, P2, P3 and P4 are A3, B2, A2 and B1 line data. A switch
495 alternately selects the data P1, P2, P3 and P4 and a zero
signal in synchro with clock CLKO to thus output Q1, Q2,
Q3 and Q4 which are subjected to luminance low-pass
filtering, aperture correction filtering, and color low-pass
filtering, with the zero signals being inserted to the position
indicated by a cross x in FIG. 23.

Constant multipliers 496, 497, 498 and 499 respectively
set at, e.g., (0, 1, 1, 0) and an adder 500 constitute a vertical
luminance low-pass filter. Such constant setting causes a
zero response to the vertical resolution of 480 TV lines. If
the signals are field-recorded in a still video floppy, the
constants are preferably set at (1/2, 1/2, 1/2, 1/2) to eliminate
moire 1n the vertical direction. With such an arrangement, a
response to the vertical resolution of 240 TV lines becomes
zero so that moire 1s reduced to a large extent.

An external switch may be provided to switch between
the above two sets of constants. Constant multipliers 501,
502, 503 and 504 respectively set at, e.g., (-1, 1, 1, —1) and
an adder 505 constitute a luminance wideband band-pass
filter the output of which is multiplied by a certain constant
at a variable constant multiplier 506.

1/4
1/4
1/4
1/4

1/3

1/3
1/3
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An adder 507 adds together the outputs of the adder 500
and of the variable constant multiplier 506 to deliver a
vertically filtered luminance signal Y. Constant multipliers

308, 509, 510 and 511 respectively set at, e.g., (1/2, 1/2, 1/2,
1/2) and an adder 512 constitute a vertical color low-pass

filter. Such constant setting causes a zero response to the
vertical resolution 240 TV lines. Therefore, if a color
difference line sequential recording is performed relative to
a still video floppy for example, generation of color moire in
the vertical direction can be effectively suppressed.

For a moving image, there is no need to make the color
bandwidth in the vertical direction zero for the 240 TV lines.
Theretore, for instance, constant setting at (0, 1, 1, 0) may
be used. In this case, the color vertical low-pass filter
becomes the same as the luminance vertical low-pass filter
so that the constant multipliers can be used in common
without necessiating the constant multipliers 508, 510 and
511 and the adder 512.

An external switch may be provided, if desired, to switch
between the above two sets of constants. This switch may be
arranged to be turned on and off in cooperative relation with
the above-described switch for the luminance low-pass filter.

After the above vertical filtering, the horizontal filtering is
independently performed for the luminance and color signal
processings.

FIG. 25 shows an eighth embodiment wherein the present
invention 1s applied to a sensor having an offset sampling
array as shown in FIG. 22. In this embodiment, as different
from FIG. 24, although signals from the sensor are read at
the first field in the order indicated at S1, signals are read at
the second field in the order indicated at S2. In the same
manner as the seventh embodiment, at the first field a switch
490 sends At line signals to a shift register 493, and Bi line
signals to a shift register 491. Therefore, while signals at S1
on the A2 and B2 lines are scanned, B2, A2, B1 and A1l line
data are outputted to terminals P1, P2, P3 and P4. At the
second field, a switch 490 sends Bi line signals to the shift
register 493, and Ai+1 line signals to the shift register 491.
Theretfore, while signals at S2 on the B2 and A3 lines are
scanned, A3, B2, A2 and B1 line data are outputted to the
terminals P1, P2, P3 and P4. Consequently, by reading
signals from the sensor in the order S1 at the first field, and
in the order S2 at the second field, the same outputs as
described with respect to FIG. 24 can be obtained by two
shift registers at the terminals P1, P2, P3 and P4, thus
reducing the circuit scale. The succeeding operation is the
same as that of FIG. 24.

In the above embodiment, signals are read in the zigzag
manner as indicated at S1 or S2 in real time. However, it is
obvious that signals may be temporarily stored in a memory
to read them thereafter.

According to the fifth to eighth embodiments of this
invention, the delay circuits and taps of the luminance
low-pass filter in the horizontal and/or vertical direction can
be shared with those of the color low-pass filter or luminance
aperture compensation filter, allowing a considerable reduc-
tion of the circuit scale. The present invention is also
applicable to a single-plate sensor having a so-called offset
sampling filter array of a stripe filter array.

We claim:

1. A digital filter for filtering an image pickup signal
having a luminance component with a higher frequency
component, satd filter comprising:

a low-pass luminance filter for filtering said luminance
component, said low-pass luminance filter having a
plurality of delay circuits and a first summing circuit
for summing outputs of said delay circuits to generate
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inance signal fro

1 said image pickup signal;

said Iu
and

a high frequency emphasis filter for filtering said high
frequency component, said high frequency emphasis
filter utilizing at least a part of the delay circuits in
common and a second summing circuit for summing
outputs of said part of said delay circuits to generate
said high frequency component from said image pickup
signal.

2. A digital filter according to claim 1, further comprising
variable constant multiplier means for multiplying an output
of said high frequency emphasis filter by a variable constant,
and for adding the multiplied output to an output of said

low-pass luminance filter.

3. A digital filter according to claim 1, further comprising
one of a vertical and a horizontal color low-pass filter, and
wherein the delay circuits and taps of said digital filter are
also utilized as delay circuits and taps of said at least one
vertical and horizontal color low-pass filter.

4. A digital filter according to claim 1, wherein said
luminance component is obtained from signals from a sensor
with an offset sampling filter array, and wherein pixels at
(2i—-1) and (2i) lines are read at a first field in a zigzag
fashion, and pixels at (2i) and (2i+1) lines are read at a
second field in a zigzag fashion.

3. A digital filter for receiving an image pickup signal and
for providing a luminance signal and a color signal, said
filter comprising:

a digital luminance filter circuit including delay circuits
and a first summing circuit for summing outputs of said
delay circuits to generate said luminance signal from
said 1image pickup signal; and

a digital color filter circuit including at least a part of said
delay circuits in common and a second summing circuit
for summing outputs of said part of said delay circuits
to generate said color signal from said image pickup
signal. |

6. A digital low-pass filter according to claim 5, wherein
said image pickup signal has a wide band signal component,
and wherein the wide band signal component comprises a
luminance signal for a stripe filter type single-plate color
camera, and wherein the narrow band signal component
comprises a color signal for the stripe filter type single-plate
color camera. _

7. A digital low-pass filter according to claim 5, wherein
said image pickup signal has a wide band signal component,
and wherein the wide band signal component comprises a
luminance signal for a mosaic filter type single-plate color
camera, and wherein the narrow band signal component
comprises a color signal for said mosaic filter type single-
plate color camera.

8. A digital low-pass filter according to claim 5 or 7,
wherein said image pickup signal has a narrow band signal
component, and wherein a coefficient of said digital filter for
the narrow band signal component has a sign inverted one
atter another at each tap.

9. A digital low-pass filter according to claim 5, wherein
said 1image pickup signal has a wide band signal component
and a narrow band signal component, and wherein the wide
band signal component and the narrow band signal compo-
nent respectively comprise a luminance signal and color
signal for a color camera having a sensor with an offset
sampling filter array.

10. A digital low-pass filter according to claim 5, wherein
said digital low-pass filter comprises a vertical low-pass
filter, and wherein each of said delay circuits comprises a 1H
MEemory.
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11. A digital low-pass filter according to claim 7, wherein
a coefficient of said digital low-pass filter for said narrow
band signal component has a sign inverted one after another
at each tap.

12. A digital filter comprising:
(a) input means for receiving a signal;

(b) vertical digital filter means for performing a first
digital filtering processing on the signal received by
said input means;

(c) a plurality of horizontal digital filter means for respec-
tively performing a plurality of different second digital
filtering processings on an output of said vertical digital
filter means,

wherein a combination of the vertical digital filtering
processing and each of the different horizontal digital
filtening processings provides a plurality of different
two-dimensional digital filtering processings;

10

135
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(d) switch means for switching a combination of the
vertical digital filtering processing and each of the
different honizontal filtering processings to provide a
plurality of different two-dimensional digital filtering
processings.

13. A digital filter according to claim 12, wherein said
input means includes image pickup means for photoelectri-
cally converting image light received from an object.

14. A digital filter according to claim 13, wherein said
image pickup means includes a CCD sensor.

15. A digital filter according to claim 12, wherein said
horizontal digital filter means includes filter means for a
luminance signal and filter means for a plurality of color
signals.
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